with smaller tuber cluster width are less prone to develop green tubers (Kouwenhoven et al. 2003) .
To conclude, green tuber effect can greatly be reduced by increasing the cross-sectional ridge area, by planting the seed tuber directly in the middle of the ridge, by ensuring optimal soil cover of newly formed tubers (at least 3.5 cm of soil above the ellipse), by reducing the cracking of the ridge and by selecting cultivars, which form a narrower tuber cluster. Kouwenhoven et al. (2003) determined that almost no green tubers are formed if a minimum of 7 cm soil cover is maintained. This can be achieved by a draught cultivator with spring tines fixed on a parallelogram framework and wing ridge heads (Vucajnik 2006) . The same author also recorded the smallest green tuber yield at 90 cm inter-row width (IRW) as it forms the largest cross-sectional area of the ridge as well as the highest and widest ridge top (Vucajnik 2009). These characteristics are particularly important for cultivars with larger tuber cluster spans (i.e. cultivars with higher yields). On the other hand, 66 cm IRW leads to insufficient soil cover of most of the tubers and increases the possibility of tuber greening (ibid.). Nevertheless, most potato producers in Slovenia still cultivate potato at 66 cm IRW and therefore loss of yield due to green tuber formation is significant. To improve this inappropriate practice, targeted research must be conducted in order to set the requirements of commonly grown potato cultivars in Slovenia. The aim of the study was thus to determine optimal ridge forms and spatial distributions of selected potato cultivars (their tuber clusters) striving towards minimal loss of yield due to green tuber formation.
MATERIAL AND METHODS
Potato cultivars form different horizontal and vertical tuber spans and consequently require diverse ridge forms. Tuber spans of four potato cultivars were determined in the study: Faluka, Madeleine, Manitou, and Stirling.
Mathematically defined area of tuber formation (ellipse) revealed that individual cultivars comply with these forms to a greater or lesser degree. In order to evaluate the tuber span of each cultivar vertical and horizontal tuber span area and the form and distribution of tubers in the ridge were monitored. This can only be achieved by determining the position of individual tubers in the ridge. For this purpose a three-dimensional coordinate measuring device was used. A suitable mathematical model for determining the area of the form (ellipse or cluster) surrounding the tubers was developed based on the measurements of individual tubers of selected cultivars (Figure 1 ). Specific growth characteristics of potato cultivars led to setting up optimal ridge forms, which ensure minimal green tuber formation and highest yields of marketable potatoes. Ridge form is closely related to potato quality (Potrpin and Bernik 2014) . Measuring device. Data on tuber distribution in the ridge are gained in two steps. Firstly, field measurements are conducted with a coordinate measuring device and secondly, the data are further processed with various computer programs (Potrpin and Bernik 2014) .
A three-dimensional coordinate device was developed to measure the ridge form and distribution of individual tubers in the ridge (Figure 2 ). The device enables absolute and relative measurements of the distance in all directions. The device consists of a framework, coordinate leads, measurement converter and computerized measuring system with suitable software (Potrpin and Bernik 2014) .
Experimental design. The trial was executed at the experimental field of the Biotechnical Faculty, University of Ljubljana, Slovenia. The soil is silty clay containing 27.5% clay, 58.7% silt and 13.8% sand. The results of the soil analysis are presented in Table 1 .
Four potato cultivars were used for the trial: Faluka (medium-early cultivar with very high yields), Manitou (mid-late cultivar with high yields), Madeleine (medium-early cultivar with average yields) and Stirling (mid-late cultivar with average yields). The trial was performed in 2012 and 2013 and organized in randomized blocks (12 × 10 m) with five repetitions. Each block was divided into 30 m 2 plots and planted with individual cultivars. The plots were 10 m wide and consisted of rows with a 75 cm inter-row width. Measurements were only performed within the inner two rows of each plot to minimize the edge effect. Data on soil cultivation prior to planting, fertilization, and weed, pests and disease control are described in Table 2 . A conventional method of planting was used, by which the potato is cultivated with a PTO-driven cultivator/ridger immediately before or shortly after emergence. Meteorological data were collected directly on site. The average monthly air temperature in the vegetation period between 1 st April and 30 th September and the average monthly precipitation are presented in Table 3 . All measurements were performed immediately before potato harvest. In addition to data obtained from measuring device (Figure 2 ) each tuber was labelled and weighed in the laboratory facility. The volume of potato tubers was calculated from mass and average pure density (1.11 g/cm 3 ). Density of each cultivar was monitored in 2012 but no statistical differences were detected among them (Table 4) .
Methods in data processing. LabView (Austin, USA), Statgraph (Warrenton, USA), Microsoft Excel (Redmond, USA), Octave GNU (Texas, USA) and Matlab software (Natick, USA) were used for data processing. Physical characteristics were elaborated with the aid of the LabView program. Statistical analyses were performed with Statgraph 4.0, according to the method for randomized blocks. Graphical representations were made in Microsoft Excel.
The area of the ellipse encircling the tubers was calculated according to the ME method (minimal ellipse method). A compact mathematical model Figure 2 . Coordinate measuring device in the field. 1 -ridge; 2 -furrow; 3 -cone tip; 4 -sensor; 5 -supports; 6 -frame; 7 -intersecting support; 8 -cross slide; 9 -device positioning spindles; 10 -bubble levels; 11 -vertical slide Vol. 61, 2015, No. 12: 553-559 doi: 10.17221/542/2015-PSE was developed in the Octave GNU software environment. It is based on the least square method (Fitzgibbon et al. 1999 ).
The method was upgraded in 2012 to better define the area of the cluster surrounding the tubers by excluding a large volume of vacant space in the ridge. The method was termed MCP -minimal convex polygon method and developed in the Matlab program software. The mathematical model calculates the area of the form surrounding the tubers in the potato ridge (tuber cluster) in consideration of mass, density and volume of individual potato tubers. The tuber cluster best depicts the area within the ridge occupied by the tubers. The mathematical model calculates the equivalent tuber volume represented by a sphere based on the measured mass and density of individual tubers. In the next step, the radius of the sphere is used to determine the position of each tuber within the ridge and finally, the position and area of the entire tuber span (tuber cluster).
The tuber cluster area represents an upgrade of the ellipse as it considers the physical component of the potato tubers -their mass.
RESULTS
Area of the form surrounding the tubers. In 2012, the data were only evaluated according to the ME method (Table 6 ). Statistically significant differences in the area of the ellipse encircling the Thus, in 2013, the MCP method revealed statistically significant differences in tuber cluster area among the analysed cultivars (Figure 3 ). This parameter best describes the space requirements of specific cultivars in the potato ridge. The largest tuber cluster area was determined for the cv. Faluka (187.69 cm 2 ) which also has highest yields (71.29 t/ha). Statistically significant differences in tuber cluster area were also calculated between cv. Stirling and cv. Madeleine, cv. Stirling and cv. Manitou and cv. Madeleine and cv. Faluka. The comparison of the statistical evaluation of the ellipse area reveals a considerable improvement of the MCP method as differences were only recorded between cv. Madeleine and all other potato cultivars. Cv. Madeleine was also characterized by lowest yields (38.12 t/ha).
Tuber span in the potato ridge. In 2012, the ME method revealed statistically significant differences in the length of the semi-axis (b) (vertical span of the ellipse) between cvs. Madeleine and Manitou (Table 7 ). The length of the semi-axis (b) was significantly smaller in the former (7.45 cm) compared to the latter potato cultivar (9.43 cm). In 2013, statistically significant differences were also determined for the length of the semi-axis [a] (horizontal span of the ellipse) (Figure 4) .
Minimum distance from the potato ridge. In 2012, statistically significant differences in minimum distance of tubers from the potato ridge were Ellipse recorded between cvs. Madeleine and Faluka according to the ME method. On the other hand, no differences in the minimum distance of the ellipse from the potato ridge were observed ( Figure 5 ). In 2013, significant differences in the minimum distance of the ellipse from the potato ridge were observed among cultivars; minimal distance was recorded for the cv. Faluka (2.34 cm) and maximum distance for the cv. Manitou (6.69 cm) (Table 8) .
DISCUSSION
The trial demonstrated that potato cultivars require different growth space in the ridge. Generally, high-yield cultivars necessitate more space in the ridge as they develop larger tuber clusters. Moreover, the results indicate that the innovative MCP method represents a correct assessment of the potato growth requirements. It namely considers potato tuber mass and calculates the tuber cluster area. All potato cultivars 
